Introduction {#S0001}
============

The incidence and mortality of gastric cancer rank second among malignant tumors in China, which seriously threatens people's life and health. Unfortunately, the incidence of gastric cancer has not shown a downward trend over these years.[@CIT0001] In addition, some patients with gastric cancer have poor prognosis owing to the fact that they are diagnosed at a late stage, losing the chance of surgery. The current treatment principle of advanced gastric cancer (AGCs) is still a comprehensive treatment based on systemic chemotherapy, which is decided by the expression of human epidermal growth factor receptor 2 (HER2).[@CIT0002],[@CIT0003] Trastuzumab is the preferred drug for HER2-positive patients, while no significant progress has been made for HER2-negative patients, which is a major problem in the field of gastric cancer treatment. The survival period of AGC patients undergoing palliative surgery and chemotherapy has been significantly prolonged with continuous optimization of chemotherapy drugs and chemotherapy regimens, but the median survival time of AGC patients is still difficult to exceed 1 year and the 5-year survival rate remains less than 10%.[@CIT0004]--[@CIT0006] Therefore, a multimodal treatment strategy needs to be developed and established to improve prognosis of patients.

The remarkable achievements made in the past few years have revolutionized the field of oncology with the advent of cancer immunotherapies and checkpoint inhibitors, regarding host immune response as a target for anticancer therapeutic intervention.[@CIT0007]--[@CIT0010] As an immunosuppressive molecule, PD-1 interacts with its ligands PD-L1 and PD-L2 to induce apoptosis of tumor antigen-specific T cells, thus allowing tumor cells to escape the host immune surveillance.[@CIT0011],[@CIT0012] Several researches have indicated that PD-L1 is constitutively expressed in various tissues and several kinds of malignancies, including gastric cancer.[@CIT0011],[@CIT0013] Michot et al, have shown that blocking the PD-1/PD-L1 pathway with an antagonistic monoclonal antibody can increase the number and function of tumor-specific T cells and enhance the killing effect on tumors.[@CIT0014] Moreover, PD-L1 overexpression has been observed in approximately 30% of patients with GC, which is associated with poor overall survival,[@CIT0015],[@CIT0016] suggesting that PD-L1 may be an operational target for these tumor patients.

Currently, fluorouracil and platinum-based combination chemotherapy is the first-line treatment for AGC, especially for HER2-negative patients. However, the toxicity and side effects are subsequently increased after the combined treatment, which is difficult for most of the patients to tolerate.[@CIT0017],[@CIT0018] Oxaliplatin is a new generation of chemotherapy drugs that is at least as effective as cisplatin in overall survival (OS) and progression-free survival (PFS), with fewer adverse effects.[@CIT0019] S-1 is a novel oral fluoropyrimidine agent containing tegafur, gimeracil and oteracil,[@CIT0020] which has good clinical efficacy and low gastrointestinal toxicity. More importantly, S-1 is noninferior to 5-FU.[@CIT0021] S-1 plus oxaliplatin (SOX) for first-line chemotherapy of AGC has achieved great therapeutic effects in several studies.[@CIT0022],[@CIT0023] A study conducted by Yuan et al, has revealed that compared with chemotherapy alone, patients with gastric cancer in concurrent radiochemotherapy group show better responses and overall symptom-control rates.[@CIT0024] In addition, studies have shown that radiotherapy or radiotherapy combined with immunotherapy can lead to abscopal effect of tumors in non-irradiated areas, which may be driven by increased systemic immune infiltration.[@CIT0025]--[@CIT0028] However, little information is available about the exact safety and prognosis of AGC patients who have received a combination of concurrent radiochemotherapy and immune checkpoint blockade therapy. Therefore, further observation and exploration are urgently required.

Herein, we reported the case of a 54-year-old patient who developed HER2-negative advanced gastric adenocarcinoma was treated with a combination of concurrent radiochemotherapy and immune checkpoint blockade therapy.

Case Presentation {#S0002}
=================

A 54-year-old male patient received emergency treatment in our hospital for black stool, chest tightness and fatigue that started more than one month earlier. He was initially diagnosed with gastrointestinal bleeding and severe anemia due to hemoglobin 39g/L. Next, emergency abdominal CT showed that the gastric antrum cancer should be considered first, recommending the patient to be transferred to the Department of Gastroenterology for follow-up treatment. Then, gastroscopy results showed that the gastroscope smoothly passed through esophagus, the dentate line of cardia was clear, the gastric fundus was smooth, and the mucosa was normal. However, his gastric mucosa was congested, and an enormous ulcer spread from the gastric antrum to the corner of the stomach with irregular upwelling around, ulcerated surface, brittle texture, easy bleeding (biopsy site), and gastroscope could not pass through pylorus in the gastric antrum ([Figure 1](#F0001){ref-type="fig"}). Meanwhile, he also underwent gastroscopy biopsy that revealed HER2-negative gastric adenocarcinoma ([Figure 2A](#F0002){ref-type="fig"}--[C](#F0002){ref-type="fig"}). Additionally, abdominal computed tomography (CT) examination in other hospitals showed advanced gastric malignant tumor with multiple distant lymph node metastases, with staging of T4N3M1. Due to severe anemia caused by hemorrhage, the patient received exploratory laparotomy. Unfortunately, the tumor lesion was found to have invaded so widely that lost the opportunity of radical treatment during operation, which was the same as imaging results. Finally, surgeons had to operate gastrojejunostomy for the sake of his life quality, and he was discharged from our hospital with only postoperative symptomatic and supportive treatments.Figure 1Gastroscope images of the patients at his first visit. Gastric mucosa was congested, and an enormous ulcer spread from the gastric antrum to the corner of the stomach with irregular upwelling around, ulcerated surface, brittle texture, easy bleeding (biopsy site), and gastroscope could not pass through pylorus in the gastric antrum.Figure 2Pathologic findings of the gastroscopy biopsy. (**A** and **B**) The high-medium differentiated adenocarcinoma showed that some glands were well structured with obvious cell atypia; some glands were cribriform with cell atypia (hematoxylin and eosin, original magnification from left to right was ×100, ×200). (**C**) Immunohistochemistry of HER2 demonstrated completely negative staining in tumor cells (immunohistochemistry, original magnification ×200).

Physical examination showed anemia with stomach upset, which was consistent with laboratory findings. Follow-up positron emission tomography/computed tomography (PET/CT) depicted that diffuse abnormal thickening of the gastric antrum accompanied by increased metabolism was considered as gastric malignant tumor with extraneous invasion; multiple hypermetabolic enlarged lymph nodes around the pylorus of the gastric antrum, mesenteric root and retroperitoneum were regarded as metastasis, which were divided into IV stages of T4N3M1 ([Figure 3A](#F0003){ref-type="fig"}). After a multi-disciplinary consultation, we formulated a treatment plan: SOX regimen palliative chemotherapy combined with PD-1 antibody immunotherapy (Nivolumab, 200 mg, q2w), and synchronous irradiation of gastric lesion (3Gy/8fx) to alleviate local symptoms. The specific treatment schedule was shown in [[Supplementary figure 1]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=221436.docx).Figure 3Treatment effect images of patients before and after immunotherapy. (**A**) PET/CT images of the whole body before immunotherapy (−10d). (**B**) A follow-up PET/CT images after two injections of Nivolumab 200 mg (22 d). (**C**) A follow-up PET/CT images underwent six doses of Nivolumab (79 d). (**D**) A follow-up PET/CT images after combination therapy (144 d). We stipulated the starting date for immunotherapy at day 0.

Two weeks after the injection of Nivolumab, the patient returned to our hospital, reporting that he felt slightly itchy on his thighs, but the symptoms of gastric discomfort were better than before. He insisted on continuing treatment, and after two courses of treatment, the patient volunteered for a PET/CT. The PET/CT revealed a partial response (PR, about a 60% decrease in the total diameters of target lesions compared with the first PET/CT results) of the gastric cancer and lymph node, the morphology of the lesion and metabolism was obviously reduced, but tumor activity remained ([Figure 3B](#F0003){ref-type="fig"}), which was in accordance with the RECIST guideline (version 1.1). Combination therapy continued. After four doses of Nivolumab, the patient complained of obvious fever, with the highest temperature of 38 degree Celsius. The condition improved after two days, and the rest had no obvious discomfort. PET/CT scan was performed again after four more doses of Nivolumab. PET/CT examination suggested that PR (the sum of diameters of target lesions decreased by 50% compared with the last PET/CT results), tumor lesions and metabolism were significantly reduced, and the tumor activity was mostly inhibited, while a little tumor activity still left ([Figure 3C](#F0003){ref-type="fig"}). The treatment went on wheels according to the original plan. After four more courses of treatment, the patients were evaluated by PET/CT scan again. PET/CT reported that the metabolism of tumor was in a state of complete repression and no obvious tumor signs were observed ([Figure 3D](#F0003){ref-type="fig"}). The overall effect was almost complete response (CR).

During the treatment period, the overall patient's condition steadily improved without obvious side effects. The hemogram of outpatient reexamination revealed a temporary increase in the tumor markers in the early stage of immunotherapy, possibly due to the death and lysis of tumor cells, and a steady decline in the later stage ([Figure 4](#F0004){ref-type="fig"}). Moreover, the related immune indicators and immune cells in the peripheral blood changed greatly during immunotherapy. On the one hand, TNF-a and IL-6 remained at high levels during immunotherapy, and IL-2 kept a steady rise, while IL-10 showed an exponential decline ([Figure 5A](#F0005){ref-type="fig"}). On the other hand, CD3+T cell and CD8+T cell kept a slight decline, but were still at high levels; besides, the level of CD4+T cell consistently increased, which was the same as the rate of CD4+/CD8 ([Figure 5B](#F0005){ref-type="fig"}). These phenomena reflected enhancement of overall immune infiltration in tumours and inflammation of tumor microenvironment, which was the proof of the transition of "hot" tumor ([Figure 5](#F0005){ref-type="fig"}). Until now, the patient is undergoing systemic SOX chemotherapy and Nivolumab. He is still alive and in good condition for 11 months after the initial diagnosis, with PFS expected to be at least 11 months. The treatment is still going on.Figure 4Dynamic change curves of tumor markers in peripheral blood during immunotherapy. (**A**) The curves of CA-125 (carbohydrate antigen-125) showed that an increase in the related quantity at the beginning of immunotherapy, followed by a gradual decrease. (**B**) The curves of CA-199 (carbohydrate antigen-199) were similar to **A**. First of all, the gray dashed line represented the normal range in detail. The normal range of tumor markers was below the dashed line. More intuitively, tumor markers had fallen from high to low levels and had remained low, a phenomenon that reflected the effectiveness of combination therapy. In addition, the definition of the normal range is based on our hospital testing methods. Next, if the evaluation of the treatment effect is CR (complete response), the tumor markers are required to continue normally for more than 4 months.Figure 5The inflammation of tumor microenvironment. (**A**) The fluctuation of TNF-a, IL-2, IL-6 and IL-10 in peripheral blood during the immunotherapy. (**B**) Dynamic changes of immune cells including CD3+T cell, CD4+T cell and CD8+T cell were detected in peripheral blood during immunotherapy. The gray dashed line represented the normal range in detail, the normal range of cytokines was below the dashed line, and the normal range of immune cells was between the two dashed lines.

Discussion {#S0003}
==========

Currently, combination therapies using cisplatin and fluoropyrimidines with or without epirubicin or docetaxel have been widely used as first-line treatments for advanced gastric cancer (AGC).[@CIT0029] However, a randomized Phase III study for AGC indicated that SOX was noninferior to CS in terms of PFS and OS and was less toxic.[@CIT0023] Taking all factors into consideration, we finally chose SOX regimen for palliative chemotherapy, but the prognosis of chemotherapy alone is still not ideal.[@CIT0004]--[@CIT0006] Therefore, we need to combine appropriate treatment for AGC to break through the therapeutic bottleneck.

The advent of PD-1 inhibitors has dramatically changed the traditional tumor treatment model. Previous studies have shown that PD-L1 overexpression is noticed in approximately 30% of patients with gastric cancer,[@CIT0015],[@CIT0016] while the treatment with anti-PD-1 antibody Nivolumab showed overall survival rate of 26.2% at 12 months in patients with advanced gastric or gastroesophageal borderline cancer who had received multiline chemotherapy (P\<0.0001).[@CIT0030] What's more, the objective response rate (ORR) of Nivolumab combined with SOX chemotherapy for AGC was up to 57.1% according to the interim results of randomized Phase II trial (ATTRACTION-4).[@CIT0031] On the basis of previous studies and patient's own factors, we made the treatment plan of immunotherapy combined with SOX chemotherapy. At the same time, stomach radiotherapy was also given to improve the patient's quality of life due to gastric discomfort. First, and more importantly, radiotherapy causes immunogenic death of tumor cells, producing a large number of new tumor antigens which are then presented to APC, thus recruiting more effector lymphocytes to kill tumors;[@CIT0032] second, radiotherapy can also activate the innate immune dsDNA-cGAS-Sting pathway to kill tumor cells together,[@CIT0033] and immunotherapy combined with PD-1 antibody can improve the local control rate of tumors, even lead to distal tumor degeneration,[@CIT0034] greatly enhancing the sensitivity of immunotherapy. Therefore, we believe that the therapeutic strategy of concurrent chemoradiotherapy combined with immunotherapy can produce significant clinical benefits, which is similar to the results of the PACIFIC study. Nevertheless, little is known about the safety of this combination therapy. Notably, we did not observe significant intolerance in this case, which may play a guiding role in improving motivation for AGC treatment.

As previously reported, there are relatively few studies on the application of PACIFIC study treatment model in AGC. Here, we presented an innovative case of a patient with AGC receiving concurrent SOX regimen chemotherapy, stomach radiotherapy and PD-1 antibody immunotherapy. The tumor lesions showed a partial response after two cycles of concurrent chemoradiotherapy combined with immunotherapy. Much to our delight, the lesion was significantly alleviated and reached a state of almost complete response (CR) with the progression of treatment. Moreover, the reexaminations of peripheral blood confirmed the enhancement of overall immune infiltration in tumours and the inflammation in tumor microenvironment. To the best of our knowledge, few studies have reported the successful treatment of concurrent chemoradiotherapy combined with immunotherapy for patient with AGC. This case report suggested that the combination of chemotherapy, radiotherapy and anti-PD-1 therapy might be an option for patients with AGC, and we can control the occurrence of adverse events by adjusting the chemotherapy regimen or controlling the dosage. Future researches on AGC therapy should focus on the combined immunotherapy model to improve the prognosis of AGC patients. More data are required to further explore the development of treatment guidelines that can be refined to maximize treatment benefit and minimize toxicity.

Conclusion {#S0004}
==========

The combination of concurrent SOX regimen chemotherapy, stomach radiotherapy and PD-1 antibody immunotherapy could be effective against patients with advanced gastric cancer.
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